History and Physical Examination
An 80-year-old woman presented to her primary care physician with chronic knee pain of more than 2 years' duration. Her medical history was significant only for trauma to her knee, approximately 2 years prior, at which time she presented to the emergency room and was diagnosed with a knee sprain and arthritis, and was told she had no evidence of fracture observed on her radiographs. The patient returned to her primary care physician because of an increase in her baseline knee pain level which was not well controlled with her usual dose of pain medication. Her pain was mainly vague, although it localized to the anterior aspect of her knee more than elsewhere. The pain improved with rest and became worse with activity and walking. She reported no history of fever, fatigue, or malaise. On physical examination, her vital signs were stable and she was in no distress. She had tenderness to palpation over the distal femur and pain with axial load of the left femur. There was no limitation in ROM, although ROM was painful. Her motor examination was 5/5 and sensation was intact throughout all dermatomes. No soft tissue mass was present around the knee, and there was no evidence of lymphadenopathy in the inguinal or popliteal region.
Laboratory examination showed a normal white blood cell count of 8.2 9 10 3 /lL, but an elevated sedimentation rate of 19 mm/hour. All blood cultures were negative.
Imaging studies included AP and lateral radiographs of the knee (Fig. 1 ), MRI (Fig. 2) , and radionuclide Tc-99 m methylene diphosphonate bone scan ( Fig. 3 ).
Based on the history, physical examination, laboratory studies, and imaging studies, what is the differential diagnosis?
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Image Interpretation
The AP and lateral radiographs of her left knee showed an area of ill-defined lucency with a serpentine sclerotic border ( Fig. 1 ) in the distal femur. A soft tissue density was seen adjacent to this area of lucency and was causing anterior displacement of the muscular shadow. Another well-defined sclerotic region with a serpentine sclerotic border was seen in the proximal tibia. This was believed to be a bone infarction.
T2-weighted MR images showed an area of ill-defined increased signal and the T1-weighted images showed decreased signal with a serpentine border ( Fig. 2 ) in the distal femur. There was endosteal scalloping, periosteal reaction, and cortical destruction associated with a soft tissue mass with cortical break-through. Heterogenous enhancement with central necrosis was observed. An area of well-defined bone infarct was seen in the proximal tibia. A technetium 99-labeled methylene diphosphonate bone scan showed intense uptake in the distal left femur ( Fig. 3 ).
Differential Diagnosis

Bone infarction Primary sarcomas: osteosarcoma and fibrosarcoma Osteomyelitis
Malignant fibrous histiocytoma (MFH; pleomorphic undifferentiated sarcoma) Metastasis Primary lymphoma A CT-guided core needle biopsy of the lesion was performed and the histologic features of the lesion were examined ( Fig. 4) .
Based on the medical history, physical examination, laboratory studies, imaging studies, and histologic picture, shown. An area of ill-defined increased signal intensity is seen on the T2-weighted images and decreased signal on the T1-weighted images (black arrows with white margin) in the distal femur. There is an adjacent soft tissue density (arrowheads) that can be seen in Illustrations A and D. There is endosteal scalloping, periosteal reaction, and cortical destruction associated with the soft tissue mass with cortical break-through. An area of well-defined bone infarct is seen in the proximal tibia (white arrows).
Volume 471, Number 9, September 2013 Knee Pain 3063 what is the diagnosis and how should the patient be treated?
Histology Interpretation
The gross pathology examination revealed a 4-cm nodular mass protruding from the anteromedial aspect of the femur (Figs. 4 and 5). The femur contained a 4.5 9 2.5 9 2.5-cm destructive lesion abutting the cortex located at the border of metadiaphyseal junction (Figs. 4 and 5). Histopathologic examination showed three different areas: a central bone infarct consisting of fat necrosis with dystrophic calcifications and bone necrosis, necrotic sarcoma, and viable sarcoma comprising approximately 40% of the lesion (Fig. 4 ). Immunohistochemical stains for cytokeratins, desmin, muscle specific actin, and S100 protein were negative. No osteoid production was seen.
Diagnosis
MFH (pleomorphic undifferentiated sarcoma)
Discussion and Treatment
Numerous items in the differential diagnosis call for consideration and exclusion. The patient, an 80-year-old woman, presented with chronic vague knee pain mainly in the anterior aspect of her knee that did not respond to treatment. She did not have any signs of infection, such as fever, chills, or discharge, therefore osteomyelitis was less likely, but not impossible. Radiographs of her knee showed classic findings of bone infarction with a soft tissue mass adjacent to it. The radiographic findings and the soft tissue mass detected on the radiographs demanded additional evaluation with MRI. The MRI features of this soft tissue mass (high signal on T2-weighted images, low signal on T1-weighted images, and enhancement) and its association with an area of bone infarction suggested the diagnoses of primary bone sarcoma or lymphoma. A biopsy was needed to confirm the diagnosis. A bone infarction can occur owing to various conditions including corticosteroid therapy, hemoglobinopathy, alcoholism, Gaucher's disease, dysbaric disorders, trauma, infection, and metabolic disorders [1, 2, 6, 9] . A bone infarction is not associated with a soft tissue mass and therefore it cannot be the only diagnosis in our case.
Osteosarcoma is the most common primary bone malignancy in patients 10 to 20 years old and is an aggressive lesion with bone formation and periosteal reaction. However, secondary osteosarcoma is seen in older patients and therefore osteosarcoma should be in the differential diagnosis. The diagnosis of osteosarcoma is confirmed based on identification of osteoid deposits. The fact that osteoid deposits were not seen under microscopy on the biopsy specimen helps to exclude osteosarcoma, although their absence does not always exclude the diagnosis of osteosarcoma since an osteoid deposit may be scant or focal [12] .
Osteomyelitis can cause a sequestrum, which is a segment of dead, sclerotic bone tissue surrounded by granulation tissue. Chronic osteomyelitis frequently is associated with sclerotic margins and endosteal thickening observed on plain radiographs. On MRI, chronic osteomyelitis will show a low signal intensity on T1-weighted images and hyperintensity on T2-weighted images with a rim of enhancement on postcontrast images. A sinus tract may be seen in some patients. Our patient did not have any prior history of infection, which makes osteomyelitis less likely as the diagnosis. Additionally, the patient's laboratory results (normal WBC, erythrocyte sedimentation rate, and blood cultures) suggested this was not the correct diagnosis.
Fibrosarcoma typically have osteolytic foci and the pattern of bone destruction is a geographic, moth-eaten, or permeative pattern. They occasionally show periosteal reaction and cortical destruction. Excluding fibrosarcoma using only imaging findings is difficult, if not impossible; a biopsy generally is needed, and this was performed. The findings from the biopsy showed the diagnosis to be MFH (now often referred to as pleomorphic undifferentiated sarcoma).
Malignant transformation of bone infarctions to MFH, angiosarcoma, fibrosarcoma, osteosarcoma, and mixed pleomorphic sarcoma is rare, although it has been reported [6, 9, 13] . The earliest report of sarcomas arising in infarcts is from 1960 by Furey et al. [6] . Most lesions arise in long bones with predominance in the femur and most commonly occur in the sixth decade of life [3, 6, 9, 12, 13] . Approximately 2 .
3 of the patients are male [12] . The pathogenesis of sarcomas arising in bone infarctions is unknown; however theories suggest malignant transformation arises from the cells in the chronic reparative process related to the underlying inflammation [3, 6, 9] . Additionally, given that most infarcts are silent, the rate of malignant transformation cannot be ascertained [3] .
A review of pertinent literature from 1978 until 2012 revealed a total of 121 patients presenting with MFH associated with bone infarction (Table 1 ). Reported cases of osteosarcoma or other variants of sarcoma were excluded. The most common locations were the distal femur (53%) and proximal tibia (38%). Although some patients who present with MFH have the tumor develop in association with other diseases (such as bone infarctions or Paget's disease), most MFH tumors occur in isolation. The most common radiographic modality used in the cases reported to date has been plain films, and diagnosis generally was done using a core needle biopsy. MRI was used in only two of the reported cases [4, 8] . This may be partly attributable to insufficient familiarity with MRI findings and limited availability of this modality. MFH is an aggressive tumor with a poor prognosis and usually has metastasized at the time of diagnosis, predominately to the lungs [4] . The prognosis is even worse when it is associated with bone infarction [1] . The treatment is a combination of surgery, chemotherapy, and radiation with a 5-year survival rate of 42.9% [4] . The 5-year survival of surgery alone is 18% [4] .
MFH arising from bone necrosis has specific radiographic findings. A mature bone infarct appears as a welldefined, sclerotic lesion with a serpentine border with relatively central lucency. Bone infarcts do not result in significant endosteal scalloping. When associated with MFH, curvilinear radiodensities of the underlying mature bone infarct can be seen blending into areas of permeative (1); proximal tibia (6); acetabulum (1) Plain film: curvilinear radiodensities of the underlying mature bone infarct blending into the permeative destructive areas associated with a soft tissue mass and pathologic fracture and lytic destruction attributable to the malignancy [2] . The osteonecrotic lesion frequently will appear larger than usually is seen, and usually is ill defined with cortical erosion, periosteal reaction, a pathologic fracture, and soft tissue extension [4, 5, 7, 8, 10, 11, 13] . Bone destruction may be present. Our patient's knee radiographs showed large metaphyseal osteonecrotic lesions of the proximal tibia and distal femur with cortical thinning and a questionable ill-defined soft tissue mass anteriorly (Fig. 1) . This was associated with periosteal reaction. On CT scans, MFH arising from a bone infarct typically presents as an expansile partly calcified lytic lesion exhibiting destruction of the cortex and soft tissue extension.
Frequently a diphosphonate radionuclide bone scan is performed. The bone scan shows increased uptake. Our patient's bone scan showed a focus of increased uptake at the distal left femur. Delayed images showed an area of increased uptake in the left distal femur which corresponds to the area of increased uptake on the two prior phases (Fig. 3) .
Our routine MRI protocol for imaging tumors includes axial images and an orthogonal plane (either sagittal or coronal planes). An appropriate surface coil should be selected. The most common sequences are a T1-weighted, spin-echo, short T1 inversion recovery (STIR), and/or a T2-weighted turbo spin-echo sequence with fat suppression. The contrast-enhanced axial and sagittal or coronal images should be obtained using T1-weighted spin-echo with fat suppression [8] . The typical findings would be aggressive radiologic features such as endosteal scalloping, periosteal reaction, and cortical destruction or cortical breaking associated with a soft tissue mass which frequently shows cortical break-through. Additionally, typically heterogeneous enhancement associated with central necrosis is observed ( Figs. 2 and 5 ). Because of intraarticular extension of tumor observed on the MR images, the patient underwent an extraarticular wide resection of the left distal femur (Fig. 6 ). The patient also received four doses of intravenous high-dose methotrexate (8 g/m2) afterward. The biopsy tract was kept intact with an ellipse of skin around it. Reconstruction was performed with a distal femoral replacing rotating hinge TKA. At the 6-month followup, the patient's disease was stable.
We believe that for patients with radiographic evidence of bone infarction, any evidence of the abovementioned aggressive radiographic features and soft tissue mass should be investigated to exclude the presence of an associated sarcoma. MRI is a sensitive and accurate method of investigation in revealing the soft tissue mass, and histopathologic evaluation can confirm the diagnosis. 
